ABSTRACT Background: Primary sclerosing cholangitis is a rare chronic cholestatic condition of unknown etiology, frequently associated with inflammatory bowel disease and characterized by diffuse fibrosing and inflammatory destruction of the intra-and/or extrahepatic biliary duct system. Patients and Methods: The study involved 14 children with primary sclerosing cholangitis confirmed by either liver biopsy, endoscopic retrograde cholangiopancreatography, and/or magnetic resonance cholangiogram. In each of the 14 cases, liver histology showed characteristic features consistent with primary sclerosing cholangitis. Eleven children had intrahepatic biliary beading and strictures (6 by endoscopic retrograde cholangiopancreatography; 5 by magnetic resonance cholangiogram). Biochemical tests of liver function including alanine aminotransferase, aspartate aminotransferase, and g-glutamyl transpeptidase and the erythrocyte sedimentation rate were elevated for a mean 17 AE 22 months before vancomycin treatment was initiated.
evidence of colitis. Oral vancomycin was given to all 14 patients. Results: All 14 patients showed improvement in their alanine aminotransferase (P ¼ 0.007), g-glutamyl transpeptidase (P ¼ 0.005), erythrocyte sedimentation rate (P ¼ 0.008), and clinical symptoms with oral vancomycin treatment. There was less improvement noted in the patients with cirrhosis when compared with the patients without cirrhosis. Conclusions: Before this study, there has not been an effective long-term treatment for sclerosing cholangitis to prevent the usual progression of this disease to cirrhosis. This study showed that oral vancomycin could be an effective long-term treatment of sclerosing cholangitis in children, especially those without cirrhosis. Primary sclerosing cholangitis is a chronic disease of unknown cause characterized by patchy progressive inflammation of the biliary tree resulting in destruction and fibrosis (1, 2) . Disease progression, although variable, is almost universal in all patients, resulting in a loss of intrahepatic bile ducts leading to biliary cirrhosis and eventually liver failure (3, 4) .
Previously considered rare, the prevalence of primary sclerosing cholangitis has increased as a result of screening patients with inflammatory bowel disease for abnormal liver function tests (5) . The close association between primary sclerosing cholangitis and inflammatory bowel disease has been well established (6) . Fifty percent to 75% of patients with primary sclerosing cholangitis have inflammatory bowel disease, particularly ulcerative colitis (5) . The course of the biliary disease is unrelated to the clinical course of the colitis.
There is increasing evidence that immune mechanisms play an essential role in the pathogenesis of primary sclerosing cholangitis. It has yet to be established whether the immune cascade is the cause or consequence of the bile duct injury (7) . There are potential nonimmune mechanisms that play a role in the pathogenesis of the sclerosing disease (8) (9) (10) . These include a toxic agent, possibly liberated by gut bacteria or ischemic injury. There have been many trials of pharmacological agents, of which none have shown resolution in the effects of primary sclerosing cholangitis. Successful treatment likely has been limited by the uncertainty of the cause of the disease (11).
Cox and Cox (12) previously reported treatment with oral vancomycin in 3 children with primary sclerosing cholangitis and inflammatory bowel disease. This initial report demonstrated normalization of liver tests and resolution of symptoms in these children while taking oral vancomycin. However, all 3 children had recurrence of symptoms and abnormal laboratory findings after vancomycin was discontinued (12) .
This article reviews our experience treating 14 children with primary sclerosing cholangitis and inflammatory bowel disease with oral vancomycin, demonstrating the short-and long-term clinical and laboratory responses. One case, which provided evidence of a more systemic immunomodulating effect of oral vancomycin on the liver, lungs, and gastrointestinal tract, is reviewed in more detail.
PATIENTS AND METHODS

Clinical Features
This was a prospective study of 14 consecutive children who were diagnosed with primary sclerosing cholangitis and inflammatory bowel disease. The mean age of our patients was 12 AE 4 years ranging from 2 to 17 years. The male:female ratio in the present series was 2.3:1, which is comparable to the 2:1 male predominance that is observed in the adult population (5) .
Fourteen patients with primary sclerosing cholangitis are described, in whom the diagnosis was confirmed by liver biopsy, endoscopic retrograde cholangiopancreatography (ERCP) and/or magnetic resonance cholangiogram. Liver for histological examination was obtained by percutaneous needle biopsy in all 14 patients. In each of the 14 cases, liver histology showed characteristic features of primary sclerosing cholangitis. There were no histological features suggestive of autoimmune hepatitis. Four patients (cases 2, 6, 8, and 9) had cirrhosis seen on biopsy before initiating oral vancomycin therapy. Eleven children had intrahepatic biliary beading and strictures on ERCP (cases 1, 2, 5, 9, 14, and 12) or magnetic resonance cholangiogram (cases 4, 7, 8, 10, 12, and 14) . Biochemical tests of liver function (including alanine aminotransferase, aspartate aminotransferase, and gglutamyl transpeptidase) and the erythrocyte sedimentation rate (ESR) were elevated for a mean of 17 AE 22 months, ranging from 1 to 69 months, before initiating vancomycin treatment.
All of the patients were shown to have inflammatory bowel disease histologically; 13 of the 14 patients (case 7 was the exception) had clinical evidence of colitis. Three patients (cases 2, 3, and 10) had Crohn disease involving the small bowel and colon. The other 11 patients had ulcerative colitis. Stool cultures for enteric pathogens and Clostridium difficile toxin were negative in 13 patients except case 1.
The index case (case 1) was an ulcerative colitis patient taking maintenance sulfasalazine who presented with colitis and abnormal laboratory tests (elevated alanine aminotransferase, g-glutamyl transpeptidase, and ESR) associated with stool positive for C difficile toxin. The C difficile was treated with oral vancomycin and the symptoms of colitis resolved with normalization of laboratory tests. After the vancomycin was discontinued and the C difficile was no longer detectable by polymerase chain reaction, the colitis and abnormal liver test including elevation of the ESR recurred. The patient had a liver biopsy and ERCP that were both consistent with primary sclerosing cholangitis. As reported, retreating with oral vancomycin resulted in normal laboratory test and ERCP and improvement in liver histology. Because of this case, the subsequent 13 children with primary sclerosing cholangitis have been treated with oral vancomycin.
Twelve of our patients (2, (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) had multiple serological immune markers measured before and while receiving oral vancomycin. These included antinuclear antibody (ANA), anti-smooth muscle antibody, anti-liver kidney antibody, anti-mitochondrial antibody, anti-neutrophilic cytoplasmic antibody (p-ANCA), and anti-Saccharomyces cerevisiae antibody.
One of the most recent patients (case 10) treated in our series was a 12-year-old male who presented with a 3-month history of symptoms that included weight loss, diffuse abdominal pain, and a 2-week history of cough. He had been on a 10-day course of amoxicillin at the onset of his cough. His chest radiograph revealed bilateral pleural and cardiac effusions. His CT scan demonstrated bilateral micronodular infiltrates with clumped appearance in the subpleural locations and along the fissures. There were also signs of mediastinal and hilar adenopathy. He had a normal bronchoscopy with negative bronchial lavage cultures. Clinically, he was lethargic and hypoxic requiring oxygen via nasal cannula. Serum studies revealed an ESR 130 mm/hour, aspartate aminotransferase 114 IU/L, alanine aminotransferase 77 IU/L, alkaline phosphatase 1147 U/L, g-glutamyl transpeptidase 418 IU/L, and albumin 2.9 g/dL. His liver biopsy demonstrated severe changes most consistent with biliary tract outflow obstruction and chronic active inflammation involving the biliary tree. His magnetic resonance cholangiogram demonstrated beading of his left intrahepatic duct. His immunological markers demonstrated a positive ANA, anti-smooth muscle antibody, ANCA, and anti-S cerevisiae antibody.
Treatment
Oral vancomycin was instituted to all 14 patients at an initial dose of 50 mg Á kg À1 Á day
À1
. Vancomycin was the only treatment given except for sulfasalazine, which was given to case 1 for his colitis, and amoxicillin, which was given to case 12 for his presenting cough. Initially, patients were treated until there was normalization or no further improvement of the liver enzymes and ESR. The 4 patients (cases 2, 6, 8, and 9) whose laboratory tests did not normalize and who had cirrhosis on liver biopsy were not retreated. The other 10 patients (cases 1, 3, 4, 5, 7, 10, 11, 12, 13, and 14) who had normalization of the laboratory tests on oral vancomycin and did not have cirrhosis on liver biopsies were retreated with oral vancomycin; 4 patients (cases 1, 3, 4, and 5) received intermittent short courses of treatment over 4 1 /2 years, with 4 patients (cases 3, 7, 10, and 14) remaining on long-term treatment for a mean of 54 AE 43 months ranging from 30 to 118 months. Because of recurrence of abnormal liver function tests after vancomycin was discontinued, case 3 was placed on long-term therapy. Before, during, and after completion of oral vancomycin, liver function and ESR were measured with biochemical tests.
Statistical Analysis
All of the results were reported as mean AE standard deviation. P values were derived using Wilcoxon signed rank test.
RESULTS
All 14 of our patients showed improvement of selected liver function tests and ESR (Fig. 1) . There was no significant change in the total bilirubin, complete blood count, or any laboratory values other than those listed in Figure 1 .
There was less of an improvement demonstrated in the patients with cirrhosis (cases 2, 6, 8, and 9) than the patients without cirrhosis (cases 1, 3, 4, 5, 7, 10, 11, 12, 13, and 14) (Fig. 2) . Because there was less significant response observed in the patients with cirrhosis, they were not retreated with vancomycin.
When the vancomycin treatment was discontinued, there was recurrence of clinical symptoms and an increase in liver enzymes in those who did not have cirrhosis (cases 1, 3, 4, and 5) (Fig. 3) . Those who were retreated following their relapse again had normalization of liver enzymes. One patient (case 4) was retreated only once, with 3 (cases 1, 3, and 5) receiving 2 treatments. Seven patients (cases 3, 7, 10, 11, 12, 13, and 14) without cirrhosis were left on treatment for a mean of 19 AE 24 months ranging from 4 to 56 months. Their laboratory values have remained normal and they are clinically asymptomatic. Cases 7 and 10 underwent liver biopsies while on vancomycin, and case 10 also had a repeat colonoscopy with biopsy. All of the biopsies on vancomycin were normal.
Twelve (cases 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14) of the 14 patients had immune markers tested. All 12 patients had 1 or more positive serum autoantibody tests before treatment, with an overall decrease in positive antibodies after 3.5 months taking vancomycin. Of those 12 patients, 5 patients (cases 2, 6, 7, 8, and 12) had a positive ANA. The most frequent ANA pattern was the speckled pattern. Three patients (cases 5, 7, and 10) had a positive smooth muscle antibody; all of the patients were negative for anti-liver kidney and antimitochondrial antibodies. There was 1 patient (case 10) who was both anti-S cerevisiae antibody and p-ANCA positive; the remaining patients were positive for p-ANCA. In 4 patients (cases 6, 7, 9, and 10), ANA, smooth muscle antibody, and p-ANCA were positive before treatment and became negative after an average of 3 months of vancomycin treatment. The other 8 patients presented at an earlier stage of our evaluation and did not have repeat serologies or are awaiting repeat serologies. In case 10, the liver biopsy before beginning vancomycin demonstrated severe changes, including acute inflammation involving the biliary tree, bile ductular proliferation, and periductal fibrosis in an onion skin pattern, suggesting sclerosing cholangitis (Fig. 4E and G) . There was chronic active inflammation with granuloma formation in the duodenum (Fig. 4A) . Sections of the colon demonstrated cryptitis and crypt abscess formation (4C). Giant cells were present in biopsies of duodenum and ileum, although no organisms were identified by Giemsa stain or acid-fast bacillus staining. After 2 months of vancomycin treatment, the repeat liver biopsy demonstrated only mild ductular proliferation without acute inflammation; significant periductal fibrosis was absent in this core ( Fig. 4F and H) . The gastrointestinal biopsies showed a normal duodenum and resolution of acute inflammation and granulomas ( Fig. 4B and D) . The patient's diffuse abdominal pain resolved after 3 days on vancomycin with an increase in appetite. The patient required oxygen during his hospitalization, which was discontinued after 2 days on vancomycin. The nodularity of the lungs on CT scan before treatment resolved completely on vancomycin.
DISCUSSION
In this study, oral vancomycin was an effective treatment of sclerosing cholangitis in children. Blood liver enzyme levels and sedimentation rates normalized on oral vancomycin in 10 children who did not have cirrhosis, and improved in the 4 children with cirrhosis. When the vancomycin was stopped after 2 to 3 months of therapy, abnormalities of blood liver enzymes and sedimentation rate recurred. When children without cirrhosis were retreated and maintained on long-term therapy, the liver enzymes and sedimentation rates remained normal. Oral vancomycin is poorly absorbed from the gastrointestinal tract. From these observations, we postulate that the efficacy of oral vancomycin is due to its antimicrobial effects on as yet unidentified gastrointestinal organisms, or from absorbed vancomycin metabolites or bacteria degradation products, such as cell walls or glycoproteins, which may alter the innate and adaptive immune response to components of the hepatobiliary tract.
Vancomycin, a bactericidal antibiotic, is effective against gram-positive organisms. It actively suppresses methicillin-resistant Staphylococcus aureus, staphylcoccal epidermis, streptococcal pyogenes, Streptococcus pneumoniae, Enterococcus faecalis, species of Clostridium, diphtheroids, Listeria monocytogenes, and Lactobacillus (13) . It exerts its effects by binding to the precursor units of bacterial cell walls, inhibiting their synthesis (13) . The net result is alteration in bacterial cell wall permeability. Gram-negative organisms are not sensitive to vancomycin, perhaps because of the porin channels in the cell walls of gram-negative organisms, which do not accommodate the large, bulky vancomycin molecule. No enteric pathogens have been identified as causing sclerosing cholangitis (14, 15) . Thirteen of our patients had stool cultures and C difficile toxin assays, which were negative for pathogens. This would suggest that the response to oral vancomycin was due to its antimicrobial affects on unknown pathogens or normal flora that were causing abnormal immunological reactions in the liver.
The association of Crohn disease with a lung disorder is a rare finding. Although often overlooked, granulomatous pulmonary disease has been reported as an extraintestinal manifestation in patients with Crohn disease (16, 17) . Our patient with respiratory distress associated with pulmonary nodules seen on CT scan and without pathogens identified at bronchoscopy may have had toxic or immunoreactive pulmonary disease that responded to the oral vancomycin.
Cellular and humoral abnormalities observed in patients with primary sclerosing cholangitis include abnormalities in the complement system, hyperglobulinemia, elevated circulating immune complexes, and the presence of serum autoantibodies (18) (19) (20) (21) . An overlapping syndrome between autoimmune hepatitis and primary sclerosing cholangitis has been described previously in the literature (22) . In both conditions, there is an increase in immune markers observed (23, 24) . In 12 patients (cases 2, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14), several immune markers were measured, and these patients had 1 or more positive antibodies. In 4 patients, who had several autoantibodies measured before and during treatment, ANA, anti-smooth muscle antibody, and p-ANCA were positive before treatment and decreased significantly or became negative on treatment. Although the liver function tests and ESR normalized within 1 month of treatment, the antibodies became negative after taking vancomycin for an average of 3 months. The disappearance of the positive autoantibodies on oral vancomycin suggested that it had an effect on the immunoreactivity in sclerosing cholangitis (25) .
Cytokines have an important role in the inflammatory cascade events. Tumor necrosis factor-a (TNF-a), a cytokine produced by monocytes/macrophages, can be stimulated by bacterial products, such as lipopolysaccharide, in the setting of gram-negative sepsis (13, 26) . The cell walls of gram-positive organisms contain teichoic acid and peptidoglycan, which are also able to trigger the release of TNF-a (13, 26) . Vancomycin has been shown to downregulate the TNF-a mRNA accumulation in blood monocytes and lipopolysaccharideinduced TNF-a (27) . The downregulation of TNF-a production by monocytes may be one of the therapeutic effects observed with vancomycin in these patients.
In conclusion, before this study, there has not been an effective treatment for sclerosing cholangitis resulting in the usual progression of this disease to cirrhosis. This study has shown that oral vancomycin could be an effective therapy for long-term treatment of sclerosing cholangitis in children, especially those without cirrhosis. Because those without cirrhosis had normal liver studies while taking oral vancomycin and relapsed when vancomycin was discontinued after 3 months, longer term therapy is indicated. However, whether longer term therapy will allow eventual withdrawal of therapy without relapse has yet to be determined. Although none of our patients had side effects or infectious complications from the oral vancomycin, there is concern that use of this antibiotic will lead to vancomycin-resistant organisms (eg, Enterococcus). As a result, future studies should attempt to identify the mechanisms by which vancomycin produces its effect, then develop more specific antimicrobial or immunological treatments that will not have the risk for creating resistant antimicrobial organisms.
